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~;1~;NII li.AN1 I. APti EXPIJ .NATION

In ~~~~ ~ !e v i~ ’u~’ wurk  ~~~ 1 red4t~~t —prey systems we have studied the

e t t e L t  of constant-rate harvcsting of either ~~~~~~~~~~~ The iamt~ techniques

.ay be u5ed to analyze the efte~~t of negative harvesting rates, whi ch

c~
)rr (~.p()nd to stocking the system by constant rate addition of members.

This  is a co on practice in many ~.i tuations, parti~~ularly in connection

with fish populations where food supply corresponds to prey and f i sh  to

predators, and ou r results indicate s~~ e dangers , pr incipally the danger

of w~~ Lnq out the food supply by stocking fish too rapidly. I t w i ll be

seen that it is sa fe r  to increase the f ood supply. This avoids extinction

dangers, tends to stabilize the system, and in creases the equilibritmi fi%h

popula tion. ~
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fI*,y) — r (l — : -

t i l l
sA (x - J)

q(x ,yl • (a • A) (3 • A )

It aay a’a’aaly be dad~s’.d P 5pa - - a - s i earlier studies - ‘a. harvesting ti raiss , and Soajajack

a t  ‘ ‘- a  • It a .ie r at. I Soudack (1 ~ 7lb) ! that arid. r paaz. p as y s t,o, k i tag , the equi 1 S-br S-ia

a. asy~~tottc.11y stabl, if

.p’ a L. 
~, - - 2 3)

L~a4er pair, pr.d.tor stockinq , the .qualibraa,a is aay~~ totIca lly stable if

sa L’ • A) 2.,, • A - K) a 
~~~J( J  - 1_ a ‘ 0

the c~~r respond ing stock iraq rate asy be - a I ul at c-I Pr - .

—G — ~~~~~~~~~~ I — P  - I,, P I !  —

ml. ~~det a .  of the type a - -
, 1. — . with 1. — n a , ~‘t,r predator stocking rate

for which the saddi. ~-- int  r ca -  P... the panint P~, : a  is given by

£12) - rs~~3
‘a -

Aa we hive ahow,a In Section 4, thIs ~~d.t is n.cu .arily in las s I.

A var i ant of the ~~4.t ( 11) Whi Ch incorporat.s int.rf.renc. ~~cnq the predators

has been sa,j qe.t .d Pa -, laxy kin (l ’ i ’ t I . Fo r this ~~4.l

f’ .x ,y )  — r i l  -
I U

Mix - 3)
q(*,y) • 

(a a A I (J • ~ 
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Is also a”! the type a — ~~~ P. • • w i t h . — rA , but n~~

r..JA 2~~(1 41 -‘. — — 5 
~ 1 Ac- . P.*

C~~~irison with ( 12) sh~~s that for this ~~d.l a hIgher rite of predator stocking is

n..dsd before a tratsitlon is r.iched then when ther. is tao predator interference.
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s tE • 3)
a .  — 2r (K — A) (J • A)

Thaas there is a pr.ditor stocking rasaqe in which either both species coe.i.t or the prey

species bri’a~~~s •*ttf~ct , depending on the initial state, whenever there is .nouqh inter-

fer.nc. ~~~raq the predators in isarching for pr.y.

This principle qen.raltaes i~~~diat.iy to ~~4eis of the tore

• •(x) — yia(a)

qta ,y)  — stab(s ) - Jb(J) I - iia(y)

w i t P a  4(a) 0 P a  0 ( a K , •‘ a ) 0. P a p a ,  , Pa’ (ii 0. tab (a)I ’ ‘

*lt(S) botiaded as * • •. a(0)  — 0, a ’ (yl ~ 0. a’ (0) • 1, It is easy to ... that

such a .~d.1 is in Case I If  and only if

4’ a ‘- “a ’  ‘ • I ’ U P a ’ (0))ts.th(J) • ista t- ’ • a’ (p.) ~ —i2 .L ,1  • s4(0)th (0)1 2

- ; ir . -e i - a L t  • 1’ CL, ) 
~~~

‘
~~
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- ‘ 3, this cond i tion can be vlolat.d by ta~ p saq ~. su ff Pclently

large . ~‘!a-,aa ti-. adal  i l l  is of th. type a • 0, 1, ‘ •, and asy be either as. 1

or as. II.

Another variant - a f  ill), based on a suggestion of Clerk I19’~~) ,  p - lEA . is

f(a,y) — r(*  - ~)( I - ~~ ) a~~~A
(16)

sA (* - .7Jg(x ,y) (a • A) (J • A)

It Is easy to se. that t ? i a  is of the type -a ‘ I~. The .prtxP. budeora ~~ de1 c-f Ludeiq,

Jon.a, and $oklInq (1~~’P5 is of the fore

a 
_______f ( i ,y )  • r ( 1  — - 2 2
a • I

q ( a . y)  • .11 -

WhiCh Is easily seen to be of the typ, a • 0. L - •. Thu. all the types of ~~del

we have considered .rc r.aligabl, in practice .
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we examine the qualitative effects of constant-rate stockinq of either
or both species in a preda tor-prey system. The hypotheses are made as mild
as possible so that several types of systams with different qualitative
alternatives may be studied.
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